We present a measurement of the spatial clustering of rest-frame UV-selected massive galaxies at 0.5 ≤ z ≤ 2.5 in the COSMOS/UltraVISTA field. Considering four separate redshift bins with ∆z = 0.5, we construct three galaxy populations, i.e., red sequence (RS), blue cloud (BC), and green valley (GV) galaxies, according to their rest-frame extinction-corrected UV colors. The correlation lengths of these populations are confirmed to be dependent on their rest-frame UV color and redshift: UV redder galaxies are found to be more clustered. In all redshift bins, the GV galaxies generally have medium clustering amplitudes and are hosted within dark matter halos whose masses are more or less between those of RS and BC galaxies; and the clustering amplitude of GV galaxies is close to that of AGNs in the same redshift bin, suggesting that AGN activity may be responsible for transforming galaxy colors. After carefully examining their stellar masses, we find that the clustering amplitudes of galaxy samples with different colors are all similar once they have a similar median stellar mass and that the median stellar mass alone may be a good predictor of galaxy clustering.
1. INTRODUCTION Many studies have been statistically exploring and comparing the properties of early-type red quiescent galaxies (QGs) and late-type blue star-forming galaxies (SFGs) at different redshifts (e.g., Whitaker et al. 2011; Patel et al. 2013) . The fact that QGs are generally red while SFGs are blue is coined as the so-called color bimodality. This color bimodality has been observed in the local universe (Strateva et al. 2001; Blanton et al. 2003) , out to z ∼ 1 by the COMBO-17 survey (Bell et al. 2004; Borch et al. 2006) , up to z ∼ 1.5 by the VIMOS-VLT deep survey (Franzetti et al. 2007 ) and by the UKIDSS Ultra Deep Survey (Cirasuolo et al. 2007) , and plausibly up to z ∼ 2 in the Hubble Deep Field (Giallongo et al. 2005) and by the GMASS project (Cassata et al. 2008) . Recently, owing to the innovation of the large and deep field surveys, the color bimodality is revealed up to z ∼ 3 . Moreover, the color bimodality has been reported using various colors from ultraviolet to infrared (e.g., g − r, Blanton et al. 2003 ; u − r, Baldry et al. 2004 ; U − B, Cassata et al. 2008 ; NUV − r, Wyder et al. 2007; [3. 4 µm] − [12 µm], Lee et al. 2015) .
Although some dust hidden SFGs may contaminate QGs (Papovich et al. 2012; Williams et al. 2009 ), the color bimodality has usually been used to separate SFGs from QGs. The latter with older stellar populations are mostly found in denser environments, more concentrated in luminosity, and exhibit more symmetric in morphology (Whitaker et al. 2013; Pan et al. 2013) , thus the physical properties of these two populations appear differently and distinct formation mechanisms may be suggested by this color bimodality (Scarlata et al. 2007; De Lucia et al. 2007 ).
Furthermore, galaxies at high redshifts are found to be dominated by SFGs while QGs are more common in the local universe (Wuyts et al. 2011; Elbaz et al. 2011) . The sizes of QGs at high redshifts are significantly smaller than those of QGs in the local universe (Newman et al. 2012; Bruce et al. 2012; Szomoru et al. 2013) . Interestingly, Barro et al. (2013) discovered a population of massive SFGs at redshifts z = 1.5 − 3 with very compact structures being distinct from normal extended SFGs. Since the number densities, masses, sizes, and star formation rates (SFRs) of these massive compact star-forming galaxies (cSFGs) are all close to those of massive compact quiescent galaxies (cQGs) at redshifts z = 1.5 − 3, they proposed two evolutionary tracks of QG formation: an early path at z 2 that, as a result of gas-rich processes such as mergers or disk-instabilities, massive cSFGs formed at z = 2 − 3 may be quenched by gas exhaustion, stellar and/or active galactic nuclei (AGNs) feedbacks and quickly evolve into massive cQGs at z 1.5, thereafter, these cQGs formed at high redshifts may continuously enlarge their sizes toward the present; and a late path at z 2 that, as a result of secular processes, halo quenching, or gas-poor mergers, extended QGs are directly formed from extended SFGs.
However, the formation and size evolution of QGs and their relationship with SFGs have not yet been clearly understood (Barro et al. 2013; Williams et al. 2014) . To further explore their relationship and any possible transitional population, using the color-mass relation (Bell et al. 2004; Borch et al. 2006) , the whole galaxies are usually separated into different sequences, i.e., a red sequence (RS) for QGs, a blue cloud (BC) for SFGs, and a transition zone between them for the so-called green valley (GV) galaxies (e.g., Coil et al. 2008; Mendez et al. 2011; Wang et al. 2017) . Many properties of GV galaxies also lie between those of RS and BC galaxies, including their clustering properties (Coil et al. 2008; Heinis et al. 2009; Loh et al. 2010) , morphologies (Mendez et al. 2011) , luminosity functions (Gonçalves et al. 2012) , dusts and SFRs (Salim 2014) , gas properties (Schawinski et al. 2014) , environments , and AGN hosting fractions (Wang et al. 2017) . In this work, we mainly focus on the clustering properties of these three populations in order to explore the role of GV galaxies in massive galaxy evolution and the relationship to AGN activities up to very high redshift.
The clustering analysis provides us with a tool to associate the properties of galaxies with large-scale structures of the universe and could shed light on their evolution. Historically, the correlation between the color bimodality and clustering amplitude was first established by Davis & Geller (1976) , who found that elliptical galaxies are more tightly clustered than spiral galaxies. The conclusion that RS galaxies have a higher clustering amplitude than BC galaxies was confirmed by a number of subsequent studies in the local universe (Loveday et al. 1995; Willmer et al. 1998) and up to z ∼ 1.5, thanks to the 2dF Galaxy Redshift Survey (Norberg et al. 2002; Madgwick et al. 2003) , the early Deep Evolutionary Exploratory Probe 2 (DEEP2) Galaxy Redshift Survey (Coil et al. 2004) , the Sloan Digital Sky Survey (SDSS; Zehavi et al. 2011) , the first epoch VIMOS-VLT Deep Survey (Meneux et al. 2006) , and many others (e.g., Shepherd et al. 2001; Firth et al. 2002) . Recently, Coil et al. (2017) confirmed the same result out to z ∼ 1 using a sample of over 100,000 spectroscopic redshifts from the PRIsm Multi-object Survey (PRIMUS) and DEEP2 galaxy redshift surveys.
The clustering study of GV galaxies firstly appeared in Coil et al. (2008) who used the DEEP2 data to study the clusterings of RS, BC, and GV galaxies at z ∼ 1, and found that the clustering of GV galaxies lies between those of RS and BC populations. Similar conclusions were obtained by following studies in the local universe and up to z ∼ 1 (Loh et al. 2010; Zehavi et al. 2011; Bray et al. 2015) . At 0.2 < z < 1.0, Dolley et al. (2014) found that many galaxies with the highest SFRs are likely the GV galaxies and have stronger clustering than the typical BC galaxies.
All in all, this color dependence of clustering has been established for RS and BC galaxies, while less obvious for GV galaxies below z ∼ 1 (e.g., Coil et al. 2008; Loh et al. 2010; Zehavi et al. 2011; Bray et al. 2015) , partly due to the different operational definitions of the GV galaxies used in different studies. Here we would extend these clustering analyses for RS, GV, and BC galaxies up to z ∼ 2.5, adopting a newly refined selection method by Wang et al. (2017) .
Furthermore, what a role GV galaxies play in massive galaxy evolution at higher redshift is still an interesting question under debate. The clustering of galaxies with different colors is also found to be related to that of AGNs they host. For example, by studying the clustering of galaxy and AGN samples at 0.25 < z < 0.8 in the AGES field, Hickox et al. (2009) find that the X-rayselected AGNs are preferentially found in GV galaxies. Since AGN feedback may be responsible for the evolution of BC to RS galaxies, GV galaxies as a transition population may be related to the AGN activity.
In this paper, we analyze the clustering properties of massive RS, GV, and BC galaxies at 0.5 ≤ z ≤ 2.5. The three galaxy populations are firstly constructed in Section 2 and then we calculate their correlation lengths and the corresponding halo masses in Section 3. By comparing with the clustering properties of cSFGs and massive QGs, we explore and discuss a possible evolution sequence among these galaxies at high redshift in Section 4, followed by a short summary in Section 5.
All our data are from the COSMOS/UltraVISTA survey, whose depth and large size enable us to make an accurate and reliable clustering analysis. Throughout this paper, we adopt a flat cosmology with Ω m = 0.3, Ω Λ = 0.7, and H 0 = 70 km s −1 Mpc −1 . We assume a normalization of σ 8 = 0.84 for the matter power spectrum. All quoted uncertainties are 1σ (68% confidence).
2. DATA The COSMOS/UltraVISTA survey has a wealth of imaging data and covers various wavelengths from ultraviolet to mid-infrared. In our study, we use the catalog covering ∼ 1.62 deg 2 of the COSMOS/UltraVISTA field (containing 262,615 sources down to the 3σ limit of K s < 24.35; Muzzin et al. 2013b ). The catalog is constructed from the UltraVISTA K s band imaging (McCracken et al. 2012 ) and includes multi-wavelength photometries (i.e., 30 bands from ∼ 0.15 µm to ∼ 24 µm), photometric redshifts, rest-frame colors, and stellar population parameters, estimated by the spectral energy distribution (SED) fitting method (cf. Muzzin et al. 2013b , for details).
2.1. Redshift, Stellar Mass, and A V We directly adopt the photometric redshifts and restframe colors estimated by Muzzin et al. (2013b) for our analysis. The relevant data and the deduction of photometric redshifts are briefly presented in the following together with the quality of photometric redshifts (see Muzzin et al. 2013b , for more details).
The observed-frame photometric catalog from Muzzin et al. (2013b) contains two bands from GALEX (FUV and NUV), one band from CFHT/MegaCam (u * ), six broad bands taken with Subaru/SuprimeCam (g + r + i + z + B j V j ), 12 optical medium bands (IA427-IA827) from Subaru/SuprimeCam, four near-infrared broad bands (YJHK s ) as well as the 3.6 µm, 4.5 µm, 5.8 µm, 8.0 µm, and 24 µm channels from Spitzer's IRAC+MIPS cameras. The observed-frame wavelength coverage of this catalog is from ∼ 0.15 µm to ∼ 24 µm, and then for our considered maximal redshift of ∼ 2.5 the rest-frame wavelength coverage is ∼ 0.04 µm to ∼ 6.8 µm. Therefore, the UltraVISTA data have a good coverage in the redshift desert between z ∼ 1.4 − 2.5.
The photometric redshifts and rest-frame colors in the COSMOS/UltraVISTA catalog are computed us-ing EAZY (Brammer et al. 2008) . EAZY determines the z phot for galaxies by fitting their SEDs to a linear combination of several galactic templates. Besides the initial seven templates in EAZY (i.e., six from the PEGASE models of Fioc & Rocca-Volmerange 1999 and one red template from the model of Maraston 2005) , in order to improve the accuracy of photometric redshift, Muzzin et al. (2013b) further consider two more templates, that is, a one-gigayear-old singleburst Bruzual & Charlot (2003) model for strong poststarburst-like features at z > 1, and a slightly dustreddened young population for the UV bright galaxies at 1.5 < z < 3.5. We note that no AGN template has been included when estimating the photometric redshift, because we will exclude all sources that are considered to be bright stars or quasars in the Muzzin et al. (2013b) catalog.
The resultant z phot at z < 1.5 consists well with z spec from zCOSMOS (Lilly et al. , 2009 ) and other spectroscopic surveys (Onodera et al. 2012; Bezanson et al. 2013; , with low 3σ-outlier fraction of 1.56% and low rms scatter of δz/(1 + z) = 0.013. At z > 1.5, the z phot also agrees well with z phot determined using the NOAO Extremely WideField Infrared Imager (NEWFIRM) Medium-Band Survey (NMBS, Whitaker et al. 2011) , with the fraction of the UltraVISTA sources considered to be 5σ outliers of the NMBS survey to be 2.0% and the rms dispersion of UltraVISTA photometric redshifts to be δz/(1 + z) = 0.026.
There is indeed a small population of extreme blue galaxies that are confusedly fitted. Their P (z) distributions are frequently bi-modal with a peak at z < 0.5 as well as a peak at z > 1.5. Their SEDs are also typically very blue with a single breaking feature in the bluest optical bands. This breaking feature can be interpreted as the Balmer break at z < 0.5 or the Lyman break at z > 1.5. Based on careful examination of their SEDs and spectra if available, they are expected to be highredshift galaxies. Since the NMBS survey only covers a fraction of the UltraVISTA field, Muzzin et al. (2013b) adopt a somewhat ad hoc correction based on the U V J diagram for this population. However, thanks to only a tiny fraction (< 1%) of the total sample is affected by this correction, and more importantly, almost all of them lie below the mass-completeness limit, our following analyses based on the mass-complete sample are not expected to be affected by the correction.
Although a χ 2 value assessing the SED fitting is provided by Muzzin et al. (2013b) for each galaxy, we do not apply any cut on this value since nearly ∼ 90% of the sample has a reduced χ 2 < 2. For the purpose of our study, removing the star/quasar contamination using the flag in the catalog and further limiting galaxies at 0.5 ≤ z phot ≤ 2.5, we obtain 126,222 sources, which are further divided into four redshift bins, that is, 0.5 ≤ z < 1.0, 1.0 ≤ z < 1.5, 1.5 ≤ z < 2.0, and 2.0 ≤ z ≤ 2.5, in order to study the evolution of galactic clustering properties.
Instead, the stellar mass, M * , and visual attenuation, A V , of galaxies are computed using FAST code by fitting the observed SEDs to Maraston (2005) We empirically derive 100% (blue solid line) and 80% (red solid line and filled circles) mass-completeness limits by scaling down galaxies to the depth of Ks = 23.4. Also shown is the 100% mass-completeness limit in Muzzin et al. (blue dashed line, 2013a) . We restrict our sample to 0.5 ≤ z phot ≤ 2.5 and log(M * /M ⊙ ) ≥ 10 (i.e., within the dot-dashed rectangle).
tion law. Exponentially declining star formation histories are assumed with the e-folding star formation timescales ranging from 10 7 yr to 10 10 yr.
Sample Construction
The following analysis only consists of the COS-MOS/UltraVISTA galaxies with log(M * /M ⊙ ) ≥ 10 (totally 41,218 sources) such that the mass-completeness limit in the concerned redshift range can reach about 80%. These attractive galaxies are enclosed by the dotdashed rectangle illustrated in Figure 1 for the stellar mass of all COSMOS/UltraVISTA galaxies versus redshift.
The statement on the mass-completeness limit is obtained adopting an empirical method to estimate the redshift-dependent mass-completeness limit following Quadri et al. (2012) . Briefly speaking, we select a brighter sub-sample at 0.5 ≤ z ≤ 2.5 that is a factor of 1.0 -2.0 above the 90% completeness limit (K s = 23.4, Muzzin et al. 2013b) . In each smaller redshift bin of ∆z = 0.25, we scale their fluxes and stellar masses down to the adopted limit of K s = 23.4 by the same factors, and then define the 100% and 80% mass-completeness limits by encompassing the 100% and 80% of the brighter sub-sample, respectively (cf. the red filled circles in Figure 1 for the 80% mass-completeness limit as a function of redshift). Thereafter, these discrete mass-completeness limits are then fit by parametrization enveloping lines, M lim = a + b ln(z). As a result, the 100% and 80% masscompleteness limits can be described as 9.91 + 0.96 ln(z) and 9.15 + 1.13 ln(z), respectively. The 100% masscompleteness limit agrees well with that of Muzzin et al. (2013a) . Although the mass-completeness limit reaches 100% as far as log(M * /M ⊙ ) ≥ 11, the resultant sample size would be too small to get a meaningful clustering analysis. Therefore, we consider galaxies with log(M * /M ⊙ ) ≥ 10 such that the mass-completeness limit is still above 80% and redshifts can be up to z ∼ 2.5.
To check the effect of the incompleteness on the clustering results, we re-sample our galaxies with stellar mass log(M * /M ⊙ ) ≥ 10.5, which corresponds to the 98% completeness limit. Similar clustering analyses in the aforementioned four redshift bins are performed on these samples for comparison. If we increase the stellar mass threshold up to 10 11 M ⊙ , the total source numbers of RS, BC, and GV galaxies (see following for the separation criteria) will decrease to 1692, 219, and 284, respectively. In the latter case, we only calculate the clustering amplitudes of RS galaxies at the three redshift bins of 0.5 ≤ z < 1.0, 1.0 ≤ z < 1.5, and 1.5 ≤ z < 2.0, because the source numbers of RS galaxies in the highest redshift bin and the other two galaxy samples with log(M * /M ⊙ ) ≥ 11 are all less than 100, then the corresponding angular correlation functions would be unreliable. The effects of stellar mass threshold on the clustering will be further discussed in Section 4.
Since we are concerning of the clusterings of RS, GV, and BC galaxy populations, following Wang et al. (2017) , we apply their definitions in the rest-frame extinction-corrected color-mass diagram to construct three sub-samples for the RS, GV, and BC galaxy populations as shown in Figure 2 . Wang et al. (2017) upgrade the old separation criteria proposed by Bell et al. (2004) and Borch et al. (2006) such that GV galaxies can be more successfully separated from RS and BC galaxies and that the dusty BC galaxies can also be better separated from RS galaxies. Although the old criteria have been shown to be valid up to z ∼ 3 in separating the BC galaxies from the RS ones (Xue et al. 2010) , it is derived using the observed colors without extinction-correction and therefore the RS galaxies may be contaminated by the real BC galaxies but with large dust extinction. Instead, as also shown by Brammer et al. (2009) , using the extinction-corrected U − V color can better separate RS galaxies due to dust attenuation from those due to old stellar populations and therefore galaxies separated in this way would have more clear distinct star formation properties. Moreover, Wang et al. (2017) check out the RS, GV, and BC galaxy populations divided by the new separation criteria, and find that they are more selfconsistent from local to high redshifts.
The adopted separation criteria are described as
where (UV) rest is the rest-frame de-reddened UV color that satisfies (UV) rest ≡ (U −V ) rest −∆×A V , (U −V ) rest is the rest-frame observed UV color, and ∆ = 0.47 is the correction factor computed for the Calzetti et al. (2000) extinction law. By applying this correction factor the dust hidden SFGs can be better separated from red and dead galaxies as demonstrated by Brammer et al. (2009) . Every galaxy is adjudged under the above criteria and assigned to one of the three galaxy populations, i.e., RS, GV, or BC. The source number and mean redshift of each galaxy population within each redshift bin are tabulated in Table 1 , respectively.
3. CLUSTERING ANALYSIS Fig. 2. -The distributions of the concerned COS-MOS/UltraVISTA galaxies with 0.5 ≤ z ≤ 2.5 and log(M * /M ⊙ ) ≥ 10 in the color-mass diagram with the dereddened rest-frame UV color. Denser regions are redder. At the center of each redshift bin, the red and green lines roughly depict the separations of RS, GV, and BC galaxies, under the adopted separation criteria (see Equation 1).
In this section, we analyze the angular and spatial clusterings for our RS, GV, and BC samples. Using these methods, we try to place the GV sample in the galaxy evolution sequence and link it to the other two galaxy populations. In Section 3.1, we study the two-point angular correlation functions of each sample in different redshift intervals, while the corresponding properties of the spatial clustering are estimated in Section 3.2. Then we assess the host dark matter (DM) halo masses and the bias factors for our samples in Section 3.3. Finally, in order to compare with the observed spatial clustering of galaxies, Section 3.4 presents a recipe for approximately modeling the evolution of spatial clustering of galaxies hosted within DM halos with a constant or growing mass.
The Angular Correlation Function
The observed angular correlation functions of our galaxy samples are measured using the Landy & Szalay (1993) estimator:
At angular separations between 10 arcsec and 10 arcmin with the bin of ∆ log(θ) = 0.16, we measure the total numbers of the data-data (DD), data-random (DR), and random-random (RR) galaxy pairs, by generating 100,000 random galaxies and scattering them over the same survey area. These pair numbers are correspondingly normalized such that Σ θ DD(θ) = Σ θ DR(θ) = Σ θ RR(θ). The size of the random sample is more than ten times larger than all our galaxy samples in any redshift bin. As shown in Figure 3 , these initial estimates are further corrected for the so-called integral constraint, which is defined as
where Ω is the total survey areas, θ 12 is the angular separation of two arbitrary small solid angles dΩ 1 and dΩ 2 , and ω T (θ 12 ) is the true angular correlation function of galaxy sample. In the limited survey field, the integral constraint significantly affects the clustering amplitude. To estimate the integral constraint, a power-law of A ω θ −β is assumed for the true angular correlation function, and then a preliminary clustering amplitude, A ω , can be fit 8 in the log θ -log ω space by
where β is fixed to 0.8. At very small angular separations, some of our angular correlation functions deviate from a single power-law, which is probably due to internal properties. In order to avoid this effect, we fit our angular correlation functions at the scales of 1 arcmin to 10 arcmin for all our sub-samples. In turn, the uncertainties of the corrected angular correlation functions are derived using the covariance matrix described in APPENDIX A of Brown et al. (2008) , assuming the above best-fit true angular correlation function. Finally, for each sample, its clustering amplitude is refitted again by a power-law with the same index but considering the uncertainties. The ultimate fits are illustrated as the solid lines in Figure 3 , and A ω with 1 σ uncertainty are tabulated in Table 1 . The selected value of β is consistent with most previous observations (Foucaud et al. 2010; Furusawa et al. 2011; Hartley et al. 2013; Palamara et al. 2013; Lin et al. 2012) . We should stress that β = 0.8 is not always true considering the one-halo term that two or more galaxies may reside in a common DM halo (Zehavi et al. 2004 ). Since we mainly focus on massive galaxies with log(M * /M ⊙ ) ≥ 10, we have made a simple assumption that there is only one galaxy residing in one DM halo. Note that if we free β, the best-fit β is still close to 0.8 for our sub-samples in each redshift bin. Figure 3 shows the corrected angular correlation functions of our sub-samples with log(M * /M ⊙ ) ≥ 10. An increasing trend of clustering amplitude, A ω , that runs through BC, GV toward RS galaxies, is observed in all redshift bins.
To explore the effects of mass completeness on the clustering, we also fit the angular correlation functions of sub-samples with log(M * /M ⊙ ) ≥ 10.5 and log(M * /M ⊙ ) ≥ 11. However, we do not illustrate the resultant angular correlation functions, since their shapes show no difference from those of sub-samples with log(M * /M ⊙ ) ≥ 10, then the information they carry is somewhat redundant.
Since our sub-samples spread over a relatively broad redshift range, it is necessary to explore if there is any potential evolution in each redshift bin. We then divide our initial samples with log(M * /M ⊙ ) ≥ 10 into smaller redshift bins of ∆z = 0.1 for z = 0.5 − 1.5 and ∆z = 0.25 for z > 1.5, ensuring each sub-sample contains more than two hundred galaxies. For each sub-sample, the evolution of its angular correlation function inside each redshift bin is generally weak and fluctuates around the angular correlation function of the initial sample constructed with larger redshift bin of ∆z = 0.5. The fluctuations are relatively small at z ≤ 1.5, but larger at z > 1.5 due to the smaller sample size at higher redshift. For this reason, in the following, we do not further discuss the evolution of the angular correlation function of our sub-samples inside each redshift bin.
The Spatial Clustering and Correlation Length
The spatial correlation function, ξ(r, z), is related to ω T (θ) by the Limber (1954) equation:
wherez is the mean redshift of galaxies at z and z ′ , r(θ, z, z ′ ) is the spatial distance between galaxies at z and z ′ with an angular separation θ, and dN/dz is the redshift distribution of each galaxy population (cf. Figure 4) . Assuming a power-law, i.e., ξ(r, z) = [r/r 0 (z)] −γ , where r 0 (z) is the (comoving) spatial correlation length measured at z, and γ is the slope of the power-law. For the spatial correlation function under the Limber and small angle approximation, one would end up with (e.g., Overzier et al. 2003; Quadri et al. 2007; Hickox et al. 2011; Toba et al. 2017 )
where
+ Ω Λ , and the comoving radial distance r c (z) = (c/H 0 ) z 0 dz/E(z). Note that the slope γ is related to β by γ = β + 1. The evolution of spatial correlation with redshift, r 0 (z), is often linked to r 0 at z = 0 by r 0 (z) = r 0 (1 + z) 1−(3+ǫ)/γ with a specific "clustering index" ǫ. Here, ǫ = γ − 3 is for "constant clustering", ǫ = 0 is for "stable clustering", and ǫ = γ − 1 is for the case of "linear growth" (e.g., Blake & Wall 2002; Overzier et al. 2003) . Referring to Figure 4 , since the redshift distributions of our sub-samples are relatively narrow, using different value of ǫ would not significantly change our results. Therefore, we assume ǫ = γ − 3 for a constant clustering over each redshift bin and then assess any possible redshift evolution of r 0 among redshift bins for each galaxy population (see Figure 5 and Table 1 for the estimations of r 0 (z) for each galaxy population in each redshift bin and Section 4.1 for discussions). Note that the uncertainty of r 0 is directly propagated from that of A ω .
Bias and Dark Matter Halo Mass
To assess the corresponding DM halo mass of a galaxy population in a redshift bin, we should firstly derive the bias factor, b gal , for that galaxy population, which relates the spatial correlation function of galaxies, ξ gal , to that of the underlying DM halos, ξ DM , through ξ gal = b 2 gal ξ DM (Myers et al. 2006) . Although the bias factor might be related to the properties of halo assembly (Xu & Zheng 2017) and halo formation histories (Desjacques et al. 2016 ) at large scales, it is often assumed to be a scaleindependent constant over each redshift bin. After projection, we have b gal = ω gal /ω DM , where ω gal ∼ A gal ω is the observed angular correlation function of the concerned galaxy population.
The angular correlation function of DM halos, ω DM (θ), hosting the concerned galaxy population with redshift distribution of dN/dz is computed following Myers et al. (2007) . We firstly generalize a power spectrum of the underlying DM, ∆ NL (k, z), using HALOFIT (Smith et al. 2003) . Then the spatial correlation function derived from ∆ NL (k, z) can be transformed to the angular correlation function ω DM (θ) by
where J 0 is the first kind zeroth-order Bessel function, χ is the radial comoving distance, and dN /dz is the normalized redshift distribution of the relevant galaxy population so that ∞ 0 (dN/dz)dz = 1. A flat cosmology implies F (χ) = 1. Thereafter, a power-law of A DM ω θ −β with β = 0.8 is fit to ω DM (θ) in the same aforementioned range of θ. For the three galaxy populations in four redshift bins, these best-fit power-laws for DM halos are plotted as the thin dot-dashed lines in Figure 3 .
The corresponding bias, b gal , for a galaxy population then can be calculated by the square root of the amplitude ratio of the angular correlation function of the galaxy population to that of the DM halo, i.e., b gal = A gal ω /A DM ω (see Table 1 ). The uncertainty of bias is again propagated from that of A gal ω and we have neglected the uncertainty of A DM ω induced by the clustering of DM halos.
Since the typical mass of DM halo hosting a galaxy population is related to the bias of that galaxy population, following Sheth et al. (2001) , we approximately convert the bias of each galaxy population to the corresponding host halo mass, M halo (see Table 1 ), while the related discussions are delayed to Section 4.2.
Modeling Clustering of Galaxies
In order to compare with the observed spatial clustering of galaxies, we model the evolution of spatial clustering of galaxies hosted within DM halos with a constant or growing mass. For DM halos with mass of M halo at redshift z, we firstly fit a power-law of
−γ with γ = 1.8 to the spatial correlation function of DM halo as introduced in the last section and then multiplied by the halo bias, b 2 (M halo , z), to approximate the spatial correlation function of galaxies hosted within the given DM halos.
For a growing halo, we assume that the mass of DM halo increases at a median growth rate of <Ṁ >= 25.3 M halo 10 12 M ⊙
1.1
(1 + 1.65z)
where M halo is the halo mass at redshift z (Fakhouri et al. 2010 ).
4. RESULTS AND DISCUSSIONS Our three galaxy populations, i.e., the RS, GV, and BC galaxies, are selected by stellar masses of log(M * /M ⊙ ) ≥ 10 at 0.5 ≤ z ≤ 2.5 and separated by the rest-frame extinction-corrected UV colors (cf. Section 2.2 and Wang et al. 2017 ). Using the recipes described in Section 3, we discuss the evolutions of correlation length and DM halo mass of RS, GV, and BC sub-samples in Sections 4.1 and 4.2, respectively, while the effect of growing stellar mass on the clustering evolution in Section 4.3. Finally, the role of GV galaxies played in massive galaxy evolution and its relationship to AGN activity are discussed according to the clustering similarity between GV galaxies and AGNs in Section 4.4.
The Evolution of Correlation Length
The correlation lengths, r 0 , as a function of redshift for the massive RS, GV, and BC sub-samples, selected with log(M * /M ⊙ ) ≥ 10, are shown in Figure 5 and are tabulated in Table 1 . In general, the correlation lengths of all galaxy sub-samples increase with increasing redshift. The correlation lengths of RS galaxies are larger than those of BC galaxies in all given redshift bins, while the correlation lengths of GV galaxies generally lie between them. These reflect the fact that the clustering amplitude not only depends on the stellar mass of galaxies but also on their color or SFR (Kim et al. 2015; Lin et al. 2012) . In Figure 5 , the correlation lengths of DM halos with constant masses are compared (see Section 3.4). The correlation lengths of the RS galaxies are found to generally follow those of a constant DM halo with mass of 10 13 M ⊙ . Since we use an identical stellar mass threshold to select our RS galaxies in different redshift bins, this does not reflect the clustering evolution of a certain galaxy population, but the fact that originally less massive halos join the analyzed samples at lower redshift ranges. Galaxies of the same stellar mass at different redshifts are not expected to be the same galaxies through cosmic time. At z > 2 there are large (strongly clustered) galaxies, while today they would be pretty average. On the other hand, the RS galaxies here seem to follow roughly the same halos at least from z ≤ 2, which may suggest that by z ∼ 2 the RS galaxies have assembled their stellar masses and did not evolve much since then. This is not the case of the GV and BC galaxies which clearly belong to different Fig. 5. -The correlation lengths, r 0 , as a function of redshift for the massive RS (red), GV (green), and BC (blue) galaxies, selected with log(M * /M ⊙ ) ≥ 10. The thin dot-dashed lines show the evolutions of r 0 for given DM halos with constant masses ranging from 10 11 to 10 14 h −1 M ⊙ . Fig. 6. -The correlation lengths, r 0 , in four redshift bins as a function of stellar mass for the RS (red), GV (green), and BC (blue) galaxy sub-samples, selected with log(M * /M ⊙ ) ≥ 10 (filled circles), 10.5 (filled squares), and 11 (filled diamonds), and compared with various galaxy samples from the literature, including results of the VIMOS Public Extragalactic Redshift Survey by Marulli et al. (VIPERS, 2013, pluses) , the DEEP2 survey by Mostek et al. (2013, stars) , the PRIMUS+DEEP2 survey by Coil et al. (2017, crosses) , the NMBS survey by Wake et al. (2011, open diamonds) , the EGS+DEEP2 survey by Foucaud et al. (2010, open triangles) , the Subaru/XMM-Newton Deep Survey (SXDS) by Furusawa et al. (2011, open squares) , and the GOODS-N field by Lin et al. (2012, open circles) .
halo populations at different redshifts.
Note that although we have used the same stellar mass threshold to select the RS, GV, and BC sub-samples, the median stellar mass of GV sub-samples is generally smaller/larger than that of RS/BC sub-samples (see Table 1 ). Therefore, more massive galaxies generally have larger correlation lengths, which is better illustrated in Figure 6 for the correlation lengths of different galaxy sub-samples as a function of stellar mass in four redshift bins. This may mean that the dependence of clustering on galaxy color is actually an indirect result of its dependence on stellar mass (see Section 4.3 for further discussion). Fig. 7. -The evolution of halo mass versus redshift for the massive RS (red), GV (green), and BC (blue) galaxy sub-samples, selected with log(M * /M ⊙ ) ≥ 10 (circles), 10.5 (squares), and 11 (diamonds). The red region indicates the halo masses of local luminous early-type galaxies with r-band luminosities of 1-3.5 L * (Zehavi et al. 2011) . The blue/green thick dashed line shows the growth of halo mass hosting typical BC/GV galaxies at z ∼ 2.2 (see Section 3.4).
In Figure 6 , we also compare our correlation lengths of RS, GV, and BC sub-samples, selected with different stellar mass thresholds, to those selected with similar stellar masses and in similar redshift intervals from the literature. Generally speaking, our results globally agree with previous works, but in the lowest redshift bin, our results show a stronger clustering than others. This may be due to the presence of several large structures at z < 1 in the COSMOS field (Mendez et al. 2016) . Some other studies (e.g., Coil et al. 2008; Hickox et al. 2009; Zehavi et al. 2011 ) use a magnitude/luminosity cut to select galaxies for clustering analyses. Since the conversion between magnitude and stellar mass is not so apparent, we do not show them in Figure 6 .
We also find consistency when comparing our correlation lengths as a function of redshift or stellar mass with those of the recent IllustrisTNG simulation (Springel et al. 2017 , see their Figure 13 ), who studied the correlation functions of simulated galaxies selected in different stellar mass ranges and found that the galactic clustering length depends strongly on stellar mass and redshift.
The Evolution of Halo Mass
In Figure 7 we show the evolution of halo mass of our galaxy sub-samples selected with log(M * /M ⊙ ) ≥ 10, 10.5, and 11. The typical halo mass of RS galaxies roughly stays unchanged along log(M halo /[h −1 M ⊙ ]) = 13 across redshifts at least from z ∼ 2. Since we adopt a uniform stellar mass threshold to select all massive galaxies within each redshift bin, this does not reflect the clustering evolution of a certain galaxy population. A possible mechanism accounting for this is that the originally less massive halos join more massive halos and lower the clustering amplitude of RS galaxies toward lower redshifts, making it roughly constant. Those sources within less massive halos are likely to be GV and BC galaxies at higher redshifts. These galaxies truncate their star formations and transit their colors redward. On the other hand, the RS galaxies may not accumulate much stellar mass since z ∼ 2.
At all redshifts up to z ∼ 2, the selection effect has a limited impact on the halo mass of RS galaxies, unless the mass threshold has been increased up to log(M * /M ⊙ ) ≥ 11. This result is consistent with that of Zehavi et al. (2011) , who found that, at z < 0.3, over a large luminosity range, the clustering of red galaxies evolves little, except when the luminosity is lifted up to L > 4L * .
The typical halo masses of BC and GV galaxies generally decrease with decreasing redshift. This is consistent with the downsizing picture that massive objects form first. The halo mass of GV galaxies generally lies between those of RS and BC galaxies as expected, and slightly fluctuates around a mean halo mass of log(M halo /[h −1 M ⊙ ]) = 12.7 across redshifts. Nevertheless, the halo mass of GV galaxies shows slightly different tendencies at higher and lower redshift. At higher redshifts (i.e., z > 1.5), the clustering amplitudes and halo masses of GV galaxies are all closer to those of BC galaxies, which suggests that they may be born in similar halos. Barro et al. (2015) found that some internal physical mechanisms, like compaction, may decrease the star formation of galaxies at high redshift. This may be responsible for the transition of BC to GV galaxies at high redshift without changing their clustering properties. At lower redshifts (i.e., z < 1.5), the clustering amplitudes and halo masses of GV galaxies are instead closer to those of RS galaxies. Some external physical processes, such as gas rich mergers (e.g., Fakhouri et al. 2010; Barro et al. 2013 Barro et al. , 2014 Toft et al. 2014) , may have significantly increased the halo mass of GV galaxies and convert their environment to that similar to that of RS galaxies at lower redshift. These results are consistent with Pan et al. (2013) , who found that the environment where GV galaxies reside is closer to that of BC galaxies at higher redshifts but to RS galaxies at lower redshifts.
Also shown as the dashed lines in Figure 7 , we model the evolutionary tracks of BC and GV galaxies at z ∼ 2.2 hosted within DM halos growing at a median growth rate given by Fakhouri et al. (2010, see Section 3.4 for detail). The RS galaxies at lower redshifts as well as the local bright ellipticals lie just near this evolutionary sequence. It suggests that the GV/BC galaxies at z ∼ 2.2 may be the progenitors of RS galaxies at z < 1.5 and the local massive early-type galaxies.
The Effect of Stellar Mass Evolution on
Clustering The stellar masses of BC/GV galaxies would continuously increase as long as their star formation proceeds, and after their star formation is truncated, they would become part of RS galaxy population at lower redshifts. Therefore, using a single stellar mass threshold to select galaxies with the same color but at different redshifts would not result in a self-consistent population across redshifts. Then, it is of interest to explore how the stellar mass evolution of a certain population affects their clustering evolution.
Instead of using the same stellar mass threshold to select galaxies in different redshift bins, we use a redshiftdependent stellar mass threshold to select galaxies in the three lower redshift bins, i.e., z ≤ 2. In the following, we take the BC galaxies at z ∼ 2.2 as reference, but our results would not be much altered adopting the GV galaxies at z ∼ 2.2. Starting from the highest redshift bin of 2 ≤ z ≤ 2.5 where the BC galaxies are selected with log(M * /M ⊙ ) ≥ 10, their host halos are assumed to grow up at a median growth rate given by Fakhouri et al. (2010) , then the masses of halos hosting galaxies at lower redshifts evolved from the BC galaxies at z ∼ 2.2 can then be derived. Using the median stellar and host halo masses tabulated in Table 1 , we can estimate the stellar to halo mass ratios (SHMRs) for our galaxy sub-samples in each of the three lower redshift bins as shown in Figure 8 , where the possible SHMRs simulated by Moster et al. (2010) are presented for comparison. In each redshift bin, these SHMRs versus logarithmic halo masses are fit by a linear regression (black line in Figure 8 ) and a typical SHMR is correspondingly estimated for the halo hosting galaxies evolved from the BC galaxies at z ∼ 2.2. This redshift-dependent typical SHMR is then used to derive the median stellar mass for the halo hosting galaxies evolved from the BC galaxies at z ∼ 2.2. Finally, a specific stellar mass threshold for galaxies in a lower redshift bin is tuned such that its median stellar mass is the same as that evolved from the BC galaxies at z ∼ 2.2. Once the stellar mass threshold has been determined, the clustering properties can be obtained following what presented above.
The correlation lengths and halo masses of all galaxy sub-samples evolved from the BC galaxies at z ∼ 2.2 are shown in Figures 9 and 10 , respectively, and are tabulated in Table 2 . Compared to Figures 5 and 7 , the difference among the clustering properties of galaxies with different colors indeed decreases once their median stellar masses are the same. One may have noticed from Table 1 that the median stellar masses decrease with moving along the galaxy sequence from RS to GV to BC populations when a common stellar mass threshold is adopted for them. Therefore, the clustering differences as illustrated in Figures 5 and 7 may suggest that the median stellar mass alone is a good predictor of galaxy clustering, weakly independent on their colors. 4.4. The Clustering Similarity between GV galaxies and AGNs We note that the correlation lengths of GV galaxies agree well with those of AGN samples in the literature (Myers et al. 2006; Ross et al. 2009; Eftekharzadeh et al. 2015) at all redshifts as shown in Figure 11 .
Although the quoted AGN samples from SDSS surveys are mainly selected using magnitude criteria, and then it is different from our mass selection criteria for GV galaxies, the weak dependence of AGN clustering on luminosity has been reported by several works (e.g., Francke et al. 2007; Shen et al. 2009; Krumpe et al. 2010; Shirasaki et al. 2011; Eftekharzadeh et al. 2015; Ikeda et al. 2015; Mendez et al. 2016 ). For example, Eftekharzadeh et al. (2015) found that in optical bands quasar clustering over 2.2 ≤ z ≤ 2.8 remains similar over a decade in luminosity, and Mendez et al. (2016) found a comparable clustering between high-and low-luminosity X-ray/radio-selected AGNs at 0.2 ≤ z ≤ 1.2. Instead, for our GV galaxies, the clustering weakly depends on the stellar mass completeness at z ≤ 2, while the depen- Figure 9 ). g The bias of each galaxy sub-sample (see Section 3.3). h The halo mass approximately converted from the bias (see Sections 3.3 and 4.3, and Figure 10 ). i For a clear comparison, these values are taken from Table 1 for GV and BC galaxies selected with log(M * /M ⊙ ) ≥ 10 and at 2.0 ≤ z ≤ 2.5. dence of GV clustering on the stellar mass potentially emerges at z ≥ 2, which is in line with the larger range of AGN clustering at z ≥ 2. Consequently, we conclude that the clustering of GV galaxies is similar to that of AGNs over 0.5 ≤ z ≤ 2.5. This similarity is consistent with the results that AGN signatures are truly detected in GV galaxies (e.g., Pentericci et al. 2013; Law-Smith et al. 2017) and that a higher fraction of AGN is found in GV galaxies than RS and BC galaxies at z ≤ 2 (e.g., Treister et al. 2009; Hickox et al. 2009; Wang et al. 2017; Gu et al. 2018) . Therefore, this similarity may suggest that AGN activity and then the role of AGN quenching play an important role in transforming galaxy colors. The AGN may be triggered by some internal or external processes like gas rich mergers (Springel et al. 2005) or disk instabilities (Elmegreen et al. 2008) .
5. SUMMARY Using the multi-wavelength data in Ultra-Vista COS-MOS field, we present a clustering measurement of the UV-selected massive galaxies at 0.5 ≤ z ≤ 2.5. The large survey area (1.62 deg 2 ) and the depth of the survey (K s = 23.4) enable us to measure the clustering of COSMOS/UltraVISTA galaxies down to stellar mass of ≈ 10 10 M ⊙ . We use the criteria of Wang et al. (2017) to define the RS, GV, and BC galaxies up to z ∼ 2.5, before estimating their clustering amplitudes. Myers et al. 2006; Ross et al. 2009; Eftekharzadeh et al. 2015) The clustering of RS galaxies generally follows a model of a constant halo mass at least from z ∼ 2. This means that originally less massive galaxies grow and join the RS population and that the RS galaxies do not accumulate much stellar mass since then.
The clustering amplitude of GV galaxies generally lies between those of RS and BC galaxies at all redshifts. At z > 1.5, the clustering of GV galaxies is closer to that of BC galaxies, while at 1.0 < z < 1.5, the clustering of GV galaxies is closer to that of RS galaxies. At z < 1, the clustering of RS galaxies shows an enhancement compared with BC and GV galaxies, which may be due to the rapid quenching of star formation at z ∼ 1 for the massive SFGs.
The GV galaxies and AGNs share similar clustering amplitudes at all redshifts, indicating that AGN activity might be responsible for transforming galaxy colors.
We check the effect of evolution of stellar mass on clustering amplitude, assuming a median halo mass growth rate and a constant SHMR. We find that the clustering amplitudes of galaxy samples with different colors are all similar once they have a similar median stellar mass. Therefore, we conclude that, for most massive galaxies, the median stellar mass is a good predictor to determine galaxy clustering amplitudes.
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